SUMMARY Five patients with sucrase-isomaltase deficiency, and one patient with primary glucosegalactose malabsorption had no increases in breath hydrogen excretion after oral sucrose or glucose. Anaerobic incubation with sugars of stool suspensions from 5 patients with primary sugar malabsorption produced a trace of hydrogen (17 ,ul) 
The detection of increased amounts of hydrogen in expired air after sugar ingestion has been proposed as a sensitive, reliable, and non-invasive means of detecting sugar malabsorption. 1 The theoretical basis for the test has been reviewed :2 sugar not absorbed in the small-intestine reaches the colon, where it is metabolised by bacterial flora into gaseous hydrogen and short-chain fatty acids. Hydrogen thus produced diffuses across the colonic wall and is carried in solution to the lungs, where it is excreted in the breath. About 14 % of total colonic hydrogen production is excreted in this way, the remainder appearing as flatus.3 The anatomical site of hydrogen production is almost entirely restricted to the colon in normal subjects3 and total hydrogen excretion in breath correlates with the dose of cardohydrate administered. 4 Hydrogen production does not occur in germ-free rats5 nor does it occur in human newborn infants immediately after birth.6 There is no recognised pathway for hydrogen production in human metabolism and it is assumed to originate from bacteria.
The interpretation of the hydrogen breath test in regard to carbohydrate malabsorption depends on the following assumptions: (1) hydrogen-producing bacteria are not present in the small-intestine, (2) the colonic flora will metabolise the sugar, releasing hydrogen, (3) hydrogen produced in the colon is not prevented from appearing in expired air by disease of the colonic mucosa, colonic microcirculation, or lungs, and (4) the hydrogen detected in expired air does not originate from an extraintestinal source-such as oral bacteria.
The hydrogen breath test has been claimed to be a reliable means of detecting lactose malabsorption in a prospective study in adults,' and other studies have suggested it might be of value in diagnosing sugar malabsorption in children.7 8 However, Gilat et al. 9 have reported a group of normal adults containing 20 % of non-hydrogen producers. This report, and the few other studies reported in children, led us to examine further the reliability of the hydrogen breath test for detecting primary sugar malabsorption in children.
Because of the suggestion4 9 that failure of breath hydrogen production may relate to inability of bacterial flora to metabolise sugars to hydrogen, we tested stools from our patients for hydrogen production in vitro.
Patients and methods
The 6 patients studied comprised all those with primary disorders of carbohydrate absorption attending a paediatric gastroenterology clinic. Five had been diagnosed as sucrase-isomaltase-deficient and one as having primary glucose-galactose malabsorption (Tables 1 and 2 Stool incubation. A suspension was prepared from 5 g faeces in 10 ml phosphate-buffered saline. Suspension (2 ml) was added to 18 ml 1 % sucrose, lactose or lactulose in peptone water, and to peptone water control. The sugar/peptone water solutions had been boiled previously to render the medium suitable for aerobic and anaerobic organisms, and allowed to cool. 14 ml of each mixture were drawn into 20 ml polypropylene syringes, and any air carefully expelled. Syringes were sealed by means of a 3-way tap, and incubated vertically, taps uppermost, for 18 hours at 370C. The volume of gas generated was estimated from the calibrations on the syringe.
Samples which failed to produce gas by 18 hours were incubated for a further 24 hours, but in no sample did gas production appear during longer incubation. Samples of 1-0 ml volume were withdrawn anaerobically from the 3-way tap into a I ml capacity polypropylene syringe fitted with a second 3-way tap, and sealed before analysis, which took place within 4 hours of collection. Correction was made for loss of hydrogen by diffusion throughout the procedure. Stool gas analysis Gas evolved was collected into ml syringes fitted with 3-way taps. Samples were diluted to 1 0 ml total volume with allowance being made for the dilution factor. The analytical technique for breath analysis was modified, in that the silica gel and soda lime container was removed, and an 0 5 ml stainless steel sampling loop fitted. Calibration gas was 1*0O% hydrogen (EDT Research, London). Results Breath tests. (Table 3 ) All patients failed to excrete increased concentrations of hydrogen in breath after oral administration of the sugar for which a specific malabsorptive disorder existed. Our negative breath test findings prompted us to see whether this failure in hydrogen excretion applied to other nonabsorbable sugars too, and to seek evidence of altered hydrogen production by stools in vitro.
Lactulose (P-1,4 galactosido-fructose), a synthetic non-absorbable disaccharide, has been found to produce increased hydrogen excretion in a proportion of normal individuals, although up to 20% may fail to do so.9 It has been suggested7 9 14 that if increased breath hydrogen excretion after lactulose is observed a false-negative response to other test sugars is unlikely.
To test this hypothesis, Cases 2 and 4 were given lactulose and produced maximum rises of 42 and 144 ppm million above their basal values. Their gut flora were therefore able to metabolise lactulose. Pronounced variation was seen in the amounts of hydrogen produced from different sugars in the stools of relatives (Cases RI, R3, and R4) and controls (Cases 9, 10, 11, 13, and 16). This variation differs from the experience of Bond and Levitt,4 who found similar amounts of hydrogen produced from various test sugars.
Discussion
The possible theoretical reasons for failure of detection of increased breath hydrogen excretion in these patients are: (1) technical failure in collection, storage, or analysis of specimens. All possible causes have been sought and, we think, eliminated.
(2) Failure of transfer of hydrogen from the colonic lumen into the circulation, or from the pulmonary circulation into alveolar air. Significant degrees of large-bowel inflammatory disease, vascular disease, or pulmonary diffusion defects would be required to prevent the complete transfer of hydrogen, an extremely diffusible gas, down the large concentration gradient from the colonic lumen to the alveoli. None of our patients had any evidence of such disease. Mechanisms of gas exchange have been reviewed by Forster.15 (3) Absorption of sugar in the small-intestine. Both disorders are understood as a genetically-determined absence of enzyme activity and no functional adaptation of the mucosa has been described. Lack of significant rise in blood glucose after oral sucrose in Case 2 and after oral glucose in Case 6 is evidence against absorption having occurred in these patients. (4) Absorption of sugar or its early metabolic products in the colon. There is experimental evidence in man and rats that intracaecally-administered 14C-glucose is largely reabsorbed in the form of short-chain fatty acids, and that only a small proportion of 14C (less than 20%) can be recovered from the stools.16 In patients with long-term sugar malabsorption there is a continual high osmotic load of sugar and short-chain fatty acids in the colon. It is possible that adaptive changes in reabsorptive mechanisms may occur in the colonic mucosa, or that the metabolic activity of the colonic flora may alter to prevent the substrate loss that results from the accompanying osmotic diarrhoea. (5) Failure of hydrogen production by the colonic flora, or use of increased hydrogen.
Evidence to support this comes from the work of Levitt and Donaldson17 who demonstrated greatly reduced hydrogen production from the stools of a lactose-intolerant patient with absent breath hydrogen excretion after lactose. In addition they suggested that this might result from long-term avoidance of dietary lactose, and that the phenomenon may be reversible by reintroduction of lactose into the diet. However, dietary avoidance of sugar was not the factor that influenced the colonic flora in our own patients, of whom 5 of the 6 were receiving significant amounts of the non-absorbable sugar in the diet.
Further support for the suggestion of altered hydrogen production by colonic flora is afforded by our own data, where in all 6 patients hydrogen production failed to take place, and the stools from 5 of them showed reduced hydrogen production from a variety of sugars when compared with controls.
Whether in these cases hydrogen production is decreased, or whether its utilisation is increased, is impossible to tell. Levitt et al. 5 have produced evidence in the rat of rapid utilisation of hydrogen instilled into the caecum. This utilisation was shown to be produced by the colonic flora. since it was blocked by neomycin and failed to occur in germ-free rats.
The lack of clinical response to the ingested sugar in some of our patients (Tables 1 and 3 ) has been reported elsewhere to develop with increasing age in patients with sucrase-isomaltase deficiency where there is also considerable individual variation in the severity of response to dietary sucrose.18 It is interesting to speculate that these phenomena may be explained by altered metabolism of the bacterial flora or increased colonic reabsorption of short-chain fatty acids.
In conclusion, our results indicated that hydrogen breath testing was of no value in diagnosing primary sugar malabsorption in children. Furthermore, discordance was observed in these patients between hydrogen excretion after malabsorption of sucrose and that which followed lactulose. This suggested that observation of the breath hydrogen response after lactulose was not a reliable means of predicting false-negative responses to other sugars.
Failure of hydrogen production during incubation of stools from patients with sugar malabsorption suggested that altered activity of bacterial flora was the most likely explanation for the lack of breath excretion. Stool hydrogen production was not sufficiently consistent between substrates to be of predictive value for breath excretion.
Further understanding is necessary of factors influencing the colonic fermentation of sugars before the hydrogen breath test can be considered a reliable tool in the diagnosis of disorders of carbohydrate absorption.
Throughout this study we 
